Abstract-A microwave characterization method for on-chip liquid film dielectric property measurement is developed. Microstrip-line based on-chip test structures are fabricated to characterize the microwave dielectric properties of various on-chip liquid films: DI water and binary mixtures of DI water with glucose and ethanol. The obtained microwave dielectric properties are presented in Cole-Cole diagrams, which show general frequency dependence similar to that of bulk liquids. Different concentration levels of glucose and ethanol show different microwave dielectric responses. Therefore, on-chip microwave dielectric spectroscopy provides a promising and inexpensive on-chip sensing mechanism for biomedical and chemical applications.
I. INTRODUCTION
Microwave dielectric spectroscopy, which measures the frequency responses of polarized molecules and charged molecules, has been one of the most reliable techniques for investigating bulk liquid dynamic relaxation and dynamic structures [1] . The method is also promising for on-line biomedical and chemical sensing due to its unique characteristics [2] [3] [4] : proteins and other biological molecules have rather large and distinct dielectric properties in microwave spectrum; the ionic contributions to the conductivity of water under most physiologically useful systems is greatly diminished.
Furthermore, the rapid development of inexpensive integrated microwave systems in CMOS technology is expected to provide an ideal platform, such as the proposed network-analyzer-on-chip [5] , for broad applications of this technology. The method may also be developed to provide lab-on-a-chip [6] The incorporation of liquids on-chip is not only for convenience (such as system integration with less sample consumed), but also of necessity since many bio-chemical interaction processes involve liquid thin films and/or confined liquids, which have characteristics different from that of bulk liquids. The differences are caused by the confinement and surface interactions, such as surface tensions.
In this work, we report our preliminary results on microwave dielectric property characterization of on-chip liquid films, including DI water films, mixture films of DI water-with different concentration level of ethanol and glucose. where y (propagation constant) and Z (characteristic impedance of the transmission line) can be extracted from s-parameters [7] .
There are multiple dielectric layers for the microstrip lines shown in Fig. 1 Here q1 and q2 are filling factors evaluated from [8] . 8eq is the equivalent dielectric constant of the double-dielectric-layer substrate. The capacitance of each layer is connected in series fashion and Ceq is evaluated in [9] .
III. RESULTS AND DISCUSSIONS Fig.3 shows the Cole-Cole diagram of the DI water at room temperature. ' and 8" are the real and the imaginary part of the dielectric constant, respectively, obtained by use of (1 a) and (lb). Fig. 4 and Fig. 5 show the Cole-Cole diagrams for the water-ethanol and water-glucose mixtures, respectively. Their dielectric responses exhibit trends similar to that of their bulk counterparts [10] . But there are some obvious differences, including generally larger loss (e'). Further work is needed to understand the discrepancies. The semicircle curve indicates a single relaxation time, and deviation from the semicircle implies a relaxation time distribution. The results also show that there are distinctively different dielectric properties for different liquids, including mixture liquids at different concentrations. The higher concentration level is, the smaller radius of the semicircle is, which indicates different molecular interaction.
Among the issues that need further exploration are: (i) to develop more accurate de-embedding procedures, such as the multi-line de-embedding procedure [ 11] IV. CONCLUSIONS The developed microwave characterization method works reasonably well for on-chip liquid film measurement. The obtained Cole-Cole diagrams of water film and mixture liquid films show similarity and differences with that of bulk liquids. Different liquid films exhibit different dielectric characteristics, which can be exploited for biomedical sensing and signal transduction applications. Further works are needed to address the measurement accuracy and to understand the observed dielectric properties that are different from bulk liquids.
